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(54) SEMICONDUCTOR LASER ELEMENT 

(57)Abstract: 

PURPOSE: To realize operation in the oscillation wavelength of 
0.5um band at a room temperature by forming a double 
heterostructure consisting of mixed crystals of (AIGa)alnl-aP 
(0.51<o£0.73) on a semiconductor substrate via a buffer layer 
which eliminates misalignment of lattice of such crystals. 
CONSTITUTION: In a short-wavelength and visible 
semiconductor laser element which is suitable as a light source 
for optical information terminal or optical information processing, 
double heterostructures 2 to 4 consisting of mixed crystals of 
(AIGa)aIn1-aP(0.51<a^0.73) are formed on a semiconductor 
substrate 1 via a buffer layer 1 which eliminates misalignment of 
lattices of these crystals. The optical waveguide layers 2, 4 of 
the double heterostructures 2 to 4 are formed of (AlyGa1-y)a 
In1-aP (0<y<1, 0.51<a<0.73), while the light emitting active layer 
3 is formed of (AIGa1-z)aIn1- a P (0<z<y, 0.51<a<0.73). 
Therefore, a stripe structure which guides the light beam using 
difference of gain or refractive index can be manufactured and 
thereby laser oscillation in 0.5(im band can be obtained under 
the room temperature. 
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CLAIMS 



[Claim(s)] 

[Claim 1]A double hetero structure which comprises a (AiGa) alpha'" 1 -alpha' 3 ^.51< alpha<=0.73) mix 
crystal on a semiconductor substrate, Form via a buffer layer which cancels both stacking fault, and a 
lightguide of the above-mentioned double hetero structure comprises ( a | um j num Q a ^_ ) a |pha' n 1 -alpha' 3 

(0< 

y<=1-0.5Kalpha<=0.73), A semiconductor laser element, wherein a luminescence active layer comprises 
(aluminum z Ga 1 _ z )alpha I "l-a l pha P <° <=*<* °" 51 < alpha<=0.73). 

[Claim 2]The above-mentioned semiconductor substrate comprises GaAs, the above-mentioned buffer 
layer comprises GaAs 1 _ x P x , and the presentation X sets the above-mentioned GaAs substrate side side 
to zero, and is becoming large gradually in a thickness direction, The semiconductor laser element 
according to claim 1 used as X which carries out lattice matching to this layer by the lightguide side of 
the above-mentioned double hetero structure. 

[Claim 3]The above-mentioned semiconductor substrate comprises GaAs, The above-mentioned buffer 
layer receives this GaAs substrate. . Carry out lattice matching. (aluminum^^Ga^^) The 
semiconductor laser element according to claim 1 which comprises a strained layer superlattice layer 
which consists of periodical structure of a o-5i' n o*49' 3 (0< = beta<=1) layer and a alphas-alpha* 3 
(0<=beta<=1) layer which produces a stacking fault (aluminum beta Ga 1 _ beta ). 

[Claim 4]The semiconductor laser element according to claim 2 which provided superlattice layers which 
consist of periodical structure of a Ga^In^^P layer and a WuminumyG , i-y) al P ha In 1-alpha P la V er 
between the above-mentioned GaAs 1 _ x P x layer and the above-mentioned lightguide. 
[Claim 5]The semiconductor laser element according to any one of claims 1 to 4 whose presentation 
alpha of the above-mentioned lightguide and a luminescence active layer is 0.7. 
[Claim 6]The semiconductor laser element according to claim 2 or 4 whose top layer of the above- 
mentioned GaAs 1 _ x P x mix crystal the presentation alpha of the above-mentioned lightguide and a 
luminescence active layer is 0.7, and is the presentation X= 0.4. 

[Claim 7]A crystal face of the above-mentioned GaAs substrate is from a field (100) or (100) a field. 
[1 10][-1-10] a direction — or [1-10][-1 10] The semiconductor laser element according to any one of 
claims 1 to 6 which is a leaning crystal face or (110) a field up to 54.7 degrees at a direction as for an 
angle degree. 

[Claim 8]The semiconductor laser element according to any one of claims 1 to 7 by which an impurity of 

the p type [ active layer / above-mentioned / luminescence ] or a n type is doped. 

[Claim 9]The above-mentioned luminescence active layer, (aluminum z1 Ga 1 _ z1 ) On both sides of a 

alpha' n 1-al P ha P «>< =z l<y) sin S le q uantum well layer, a ^^^^ a^'V^P (0<= Zl <z 2 <y) 

lightguide. The semiconductor laser element according to any one of claims 1 to 7 which comprises 
established single quantum well structure. 

[Claim 10]The above-mentioned luminescence active layer, (aluminum z1 Ga 1 _ z1 ) A a | p h a ' n i -alpha P 
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(0<= Zl <y) quantum well layer and a (a | uminumz2 G ai _ z2 ) alpha 1 " 1-alpha P (0<=z 1 <z 2 <y) quantum barrier layer. 

The semiconductor laser element according to any one of claims 1 to 7 which comprises multiple 
quantum well structure established repeatedly. 

[Claim 1 1]The semiconductor laser element according to claim 9 or 10 by which an impurity of the p 
type [ active layer / above-mentioned / luminescence ] or a n type is doped uniformly. 
[Claim 1 2]The semiconductor laser element according to claim 9 by which abnormal-conditions doping of 
the impurity of a p type or a n type is carried out at a lightguide in the above-mentioned single quantum 
well structure. 

[Claim 13]The semiconductor laser element according to claim 10 by which abnormal-conditions doping 
of the impurity of a p type or a n type is carried out at a quantum barrier layer in the above-mentioned 
multiple quantum well structure. 

[Claim 14]The semiconductor laser element according to claim 8, 11, 12, or 13 whose above-mentioned 
impurity concentration of a p type or a n type is the range of 5x10 17 - 2x10 18 cm~ 3 . 
[Claim 15]The semiconductor laser element according to claim 14 which the p type above-mentioned 
impurity kind becomes from Zn, Mg, or Be. 

[Claim 16]The semiconductor laser element according to claim 14 to which the n type above-mentioned 
impurity kind changes from Si or Se. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to a short wavelength visible semiconductor laser element 

suitable for a light information terminal or the light source for optical information processing. 

[0002] 

[Description of the Prior Art]The conventional short wavelength visible semiconductor laser element for 
example, the Japan journal applied physics, the 1 990 29th ** Lth — 1 669 pages to the Lth — as 
discussed by 1671 pages (Jpn J.Appl.Phys.Lett. 29(1 990)pp.L1669-|_1 671 ),It realizes by the Q 
(AIGa). 5 In n . 5 P mix crystal system which carried out lattice matching to the GaAs substrate. 
A continuous action oscillation wavelength [ / near / the / the room temperature ] is 630 nm. 

[0003] 

[Problem(s) to be Solved by the Invention]However, the AIGalnP system semiconductor laser element 
which operates with the oscillation wavelength of a 0.5-micrometer belt in a room temperature is not 
reported. 

[0004]An object of this invention is to provide the AIGalnP system semiconductor laser element which 

operates with the oscillation wavelength of a 0.5-micrometer belt in a room temperature. 

[0005] 

[Means for Solving the Problem]The above-mentioned purpose can be attained by forming a double 
hetero structure which comprises a ( A | Ga ) a lpha' n 1-alpha^ (0.5 1< alpha<=0.73) mix crystal via a buffer layer 
which cancels both stacking fault on a semiconductor substrate. 

[0006] As a buffer layer, a GaAs 1 _ x P x mix crystal which carries out lattice matching to a a |ph a ^ n -|- a |ph a P 
mix crystal by the presentation X is used as a material (AIGa), What was changed into graded one from 0 
to X having applied to a a | p h a * n l -alpha' 3 m ' x crvsta ' f rom a GaAs substrate using a presentation of this as 
a semiconductor substrate (AIGa) can be used. Thickness of a GaAs 1 _ x P x mix crystal buffer layer is 
about tens of micrometers. 

[0007]What formed a strained layer superlattice layer as an option with a Q-5i' n o-49^ m ' x cr ystal which 
carries out lattice matching to a GaAs substrate (AIGa), and a a | p h a m i- a |ph a P m ' x cr ystal which produces 
a stacking fault (AIGa) can be used as a buffer layer. 

[0008]Since order arraying structure of group III elements produces a ( A!Ga ) alpha^l-alpha* 3 m ' x crvsta ' 
grown-up by metal-organic chemical vapor deposition, bandgap energy becomes small. Since this order 
arraying structure is controlled, an impurity can be doped to an active layer or a GaAs inclination board 
can be used. 
[0009] 

[Function]Bandgap energy is large at a transited [ directly ] type, and a ( AjGa ) alpha^l-alpha* 3 (0-51 < 
alpha<=0.73) mix crystal is raised as an III-V fellows semiconductor material in which the luminous 
wavelength of a 0.5-micrometer belt is obtained. However, when not carrying out lattice matching of this 
material to a GaAs substrate but growing up on a GaAs substrate, the means for canceling a lattice 
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strain is required for it. Therefore, the above-mentioned buffer layer can be considered. In the case of a 
GaAs 1 _ x P x mix crystal buffer layer, the presentation X is gradually changed into a GaAs substrate from 
0, it grows up to be it, and is considered as the presentation which carries out lattice matching of the 
top layer to a ( A | Ga ) a |pha' n 1 -alpha' 3 m ' x crvsta '- For example, the presentation X of a GaAs 1 _ x P x mix 
crystal which carries out lattice matching to the 0 (AIGa). 7 In 0 . 3 P mix crystal of the presentation 0.7 is 0.4. 
A lattice strain is cancelable if the substrate which grew the GaAs 1 _ x P x (X= 0-0.4) mix crystal which 
changed the presentation gradually and set the upper presentation to 0.4 is used on a GaAs substrate. 
[0010](AIGa) In the case of the strained layer superlattice layer buffer layer of a 0 - 51 In 0 - 4 9 P mix crystal 
and a (A|Qa) a |p ha bV a |p ha p mix crystal, It has neither a defect nor distorted influence on the (A|Qa) 
alpha 1 " 1-alpha P mix cr y stal wnich confines a lattice strain in this strained layer superlattice layer, and 
grows up to be the upper part. 

[001 1]Thereby, the a j p h a In 1 -alpha P mix cr V stal wnich has a luminous wavelength of a 0.5-micrometer belt 
on a semiconductor substrate (AIGa) can be grown up. 

[0012]In the 0 (AIGa). 7 In 0 . 3 P mix crystal grown-up by metal-organic chemical vapor deposition on the 
GaAs 0 . 6 P 0 . 4 mix crystal, the order arraying structure of group III elements generates, In connection with 
this, it becomes small 70 to 90 meV from the case where bandgap energy is disorderly arraying 
structure. In order to obtain a shorter oscillation wavelength, generation of order arraying structure must 
be controlled. As a method effective in controlling order arraying structure and producing laser structure, 
the method of growing up on the GaAs substrate which doped the impurity to the active layer or to 
which the substrates face direction inclined from the field (100) was used. 

[001 3] Although bandgap energy can be substantially enlarged by making an active layer into single 
quantum well structure or multiple quantum well structure, it poses a problem that order arraying 
structure arises in a quantum well and a quantum barrier layer. For this reason, it was made to take large 
quantum level energy by doping an impurity uniformly to quantum well structure, or carrying out an 
abnormal-conditions dope at a quantum barrier layer, and controlling order arraying structure. 
[0014] 

[Example]Drawing 1 explains one example of example 1 this invention. First, mixed-crystal 
semiconductor board 1" which provided buffer layer 1' which changed the n type GaAs 1 _ J( P x mix crystal 
gradually to the presentations 0-0.4 on the n type GaAs substrate 1 which has a field (100) is used, On 
it The n type (aluminumyGa^y) 0 . 7 In 0 . 3 P lightguide 2 (micrometers [ d= 1.5 ], n D =1x10 18 cnrf 3 y= 0.7), 
The undoping (aluminum z Ga 1 _ z ) 0 . 7 In 0 . 3 P active layer 3 (micrometer [ d= 0.04-0.08 ], z= 0), The p type 
(aluminum 0 . 7 Ga 0 . 3 ) 0 . 7 In 0 . 3 P lightguide 4 (micrometers [ d= 1.2 ], n A =5 - 7x10 17 cm~ 3 , y= 0.7), The p type 
Ga 0 . 7 In 0 . 3 P buffer layer 5 (micrometer [ d= 0.1 ], n A =2x10 18 cm~ 3 ), The n type (aluminurriyGa^y) 0 . 7 In 0 . 3 P 
current stricture layer 6 (micrometer [ d= 0.1 ], n Q =2x10 18 cm~ 3 , y= 0) is grown epitaxially by metal- 
organic chemical vapor deposition at the growing temperature of 700 **. Then, a resist mask (stripe 
width of 6-8 micrometers) is formed by photo lithography, and etching removal is carried out until it 
results the layer 6 in the layer 5 by chemical etching. Next, after embedding the p type Ga 0 . 7 In 0 . 3 P 

contact layer 7 (micrometers [ d= 1-2 ], n A =5x10 18 - 1x10 19 cm~ 3 ) and growing up, the p electrode 8 
and the n electrode 9 are vapor-deposited. A cleavage scribe is carried out, it starts in the form of an 
element, and the element which has a section of drawing 1 is obtained. 

[0015]This example has realized laser structure of the 0.5-micrometer belt guided by gain difference. In 
this element, in the room temperature, threshold current operated at 150-200 mA, and obtained the 
laser oscillation wavelength of 585-595 nm. 

r0016] Drawing 2 explains the other examples of example 2 this invention. As shown in drawing 2 , in the 
manufacturing method of Example 1 between n type GaAs 1 _ x P x mix crystal buffer layer 1' and the n type 
(aluminurriyGa^y) 0 . 7 In 0 . 3 P lightguide 2, The superlattice layers 10 which accumulated the n type 
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Ga 0 . 7 In 0 . 3 P layer and the n type (aluminuniyGa^y) 0 -7 In o-3 P la y er 3-5 nm - n D =1x1 ° 18 cm~ 3 ) are 
formed. Others are completely the same as that of Example 1. By forming these superlattice layers 10, 
the crystallinity of the upper lightguide and an active layer and luminous efficiency improved. 
[0017]By this example, threshold current has been reduced to 100-150 mA in the room temperature. 
The laser oscillation wavelength was the same range as Example 1. 

[001 8]3 figures explain the other examples of example 3 this invention. (100) A field. The strained layer 
superlattice layer 11 which accumulated the n type Ga 0 . 51 In 0 . 4g P layer and the n type Ga 0 . 7 In 0 . 3 P layer 

(d= 3-5 nm, n D =1x10 18 cnrf 3 ) is formed on GaAs substrate 1 which it has. Then, an element is produced 

by the completely same method as Example 1. 

[0019]Also by this example, the same effect as Example 2 was acquired. 

[0020]4 figures explain the other examples of example 4 this invention. It grows up to the p type 
Ga 0 . 7 In 0 . 3 P buffer layer 5 like Example 1. Then, a Si0 2 stripe mask (d= 0.2-0.4 micrometer, stripe width 
of 4-6 micrometers) is formed by photo lithography, and the ridge stripe which left 0.2-0.4 micrometer of 
layers 4 by chemical etching is produced. Selective growth of the n type Ga 0 . 7 In 0 . 3 P current stricture 

Kanemitsu absorption layer 12 (micrometer [ d= 1 ], n D =2x10 18 cm~ 3 ) is carried out with a Si0 2 stripe 
mask left. Then, etching removal of the Si0 2 stripe mask is carried out, Next, the p type Ga 0 . 7 In 0 . 3 P 
contact layer 7 (micrometers [ d= 1-2 ], n A =5x10 18 - 1x10 19 cm~ 3 ) is embedded, it grows up, and 
element production is performed like said example. 

[0021] According to this example, the stripe geometry guided by refractive index difference could be 
produced, and the laser beam by which basic horizontal microfiche control was carried out was able to 
be obtained. In this element, threshold current has been reduced to 80-100 mA in the room temperature. 
About the laser oscillation wavelength, it was the same range as said example. 

[0022]The other examples of example 5 this invention are described below. In the element manufacturing 

method to said Examples 1-4, it performed 6-X-10- 17 1-x-10- 18 -cm-" 3 -doping the impurity of a p 

type or a n type to the active layer 3. Others completely produced the element like said example. 
[0023]According to this example, the short wavelength formation of the laser oscillation wavelength in a 
room temperature was able to be carried out to 565-575 nm. 

[0024]The other examples of example 6 this invention are described below. In the element manufacturing 
method to said Examples 1-4, and it is from a field (100). [ the n type GaAs substrate 1 ] [110][-1-10] a 
direction — or [1-10][-1 10] By using for a direction the GaAs substrate which has the field (51 1) 
leaning [ angle of 15.8 degrees ], element production was carried out like said example. 
[0025]The short wavelength formation of the laser oscillation wavelength was able to be carried out to 
565-575 nm by this example as well as Example 5. Although the GaAs substrate which has a field (511) 
was used in this example, when it was an inclination board which has an angle up to 54.7 degrees, there 
is an effect of short wavelength formation rather than Examples 1-4, and the oscillation wavelength of 
the range which is 565-585 nm was obtained. 

[0026]5 figures explain the other examples of example 7 this invention. After growing up to the n type 
(aluminumyGa^y) 0 . 7 In 0 - 3 P lightguide 2 like Example 4, The undoped multiplex quantum well active layer 
13. 3-7 nm of thickness. (aluminum z1 Ga 1 _ z1 ) 8-10 layers of 0 . 7 In Q . 3 P quantum wells, 9-11 layers of Q 
(aluminum^Ga^p.^nQ.gP quantum barriers of 4-8 nm of thickness, 0 <=z 1 <z 2 <y is grown up. After this, 
element production is completely performed like Example 4. 

[0027]According to this example, in the room temperature, threshold current could decrease at 50-80 
mA, and the laser oscillation wavelength of 540-550 nm was able to be obtained. 
[0028]The other examples of example 8 this invention are described below. Although the element was 
produced like Example 7, the same impurity doping as Example 5 was uniformly performed to the 
multiplex quantum well active layer 13, or it carried out by becoming irregular to a quantum barrier layer. 
[0029]According to this example, short wavelength formation of the laser oscillation wavelength in a 
room temperature was able to be carried out to 530-540 nm. 

[0030]The other examples of example 9 this invention are described below. Although an element is 
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produced like Example 7, the same inclination board as Example 6 is used, and it is from a field (100). 
[110][-1-10] a direction — or [1-10][-110] The element was produced on the GaAs substrate which 
has the field (511) leaning [ angle of 15.8 degrees ] in a direction. 

[0031]Also in this example, short wavelength formation of the laser oscillation wavelength in a room 
temperature was able to be carried out to 530-540 nm like Example 8. From a field (100) [1 10][-1-10] a 
direction — or [1-10][-1 10] If it is an inclination board whose angle leaning to the direction is up to 54.7 
degrees, it is effective in short wavelength formation. 

[0032]In the above-mentioned example, although crystal growth was performed at 700 **, other 

temperature in the range of 650-750 ** may be sufficient as it. 

[0033] 

[Effect of the Invention]According to this invention. On a GaAs substrate, a presentation. Via the 
strained layer superlattice buffer layer by the GaAs 1 _ x P x mix crystal buffer layer or (AIGa) 0 - 51 In 0 . 4g P 
mix crystal changed into graded one, and a 0 (AIGa). 7 In 0 . 3 P mix crystal. The 0 . 7 In 0 . 3 P mix crystal with 
about 1.4% of stacking fault (AIGa) could be grown up with sufficient crystallinity, and defect density and 
a deformation amount were able to be made small. Thereby, the double hetero-junction by a Q 
(AIGa). 7 In 0 . 3 P mix crystal has been formed. By producing the stripe geometry guided by gain difference 
or refractive index difference, the laser oscillation of a 0.5-micrometer belt was obtained in the room 
temperature. By making an active layer into multiple quantum well structure, threshold current has 
realized the oscillation wavelength of 530-540 nm at 50-80 mA in the room temperature. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is an element structure sectional view of Example 1 of this invention, Example 5, and 
Example 6. 

[Drawing 2] It is an element structure sectional view of Example 2 of this invention, Example 5, and 
Example 6. 

[Drawing 3] It is an element structure sectional view of Example 3 of this invention, Example 5, and 
Example 6. 

[Drawing 4] It is an element structure sectional view of Example 4 of this invention thru/or Example 6. 
[Drawing 5] It is an element structure sectional view of Example 7 of this invention thru/ or Example 9. 
[Description of Notations] 

1 — (100) The n type GaAs substrate which has the field leaning from the field n type GaAs substrate 
or (100) the field, 1' — The n type GaAs 1 _ x P x mix crystal buffer layer which changed the presentation 
gradually from 0 to 0.4, 1" — The mixed-crystal semiconductor board, 2 which are formed in the 
numerals 1 and 1 — N type (aluminumyGa^y) 0 . 7 In 0 . 3 P lightguide, 3 — (aluminum z Ga 1 _ z ) 0 . 7 In 0 . 3 P active 
layer, 4 — P type (aluminumyGa^y) 0 . 7 In 0 . 3 P lightguide, 5 — P type Ga 0 . 7 In 0 . 3 P buffer layer, 6 — N type 
(aluminurriyGa^y) 0 . 7 In 0 . 3 P current stricture layer, 7 — P type Ga 0 . 7 In 0 . 3 P contact layer, 8 — p 
electrode, 9 — n electrode, 10 — N type Ga 0 . 7 In 0 . 3 P/n type (aluminurriyGa^ 0 - 7 In 0 - 3 P superlattice 
buffer layer, 11 — N type Ga 0 . 7 In 0 . 3 P/n type Ga Q . 7 In 0 . 3 P strained layer superlattice buffer layer, 12 — N 
type Ga 0 . 7 In 0 . 3 P current stricture Kanemitsu absorption layer, 13 — (aluminum z1 Ga 1 _ z1 ) 0 -7 In o-3 p / 
(aluminum^Ga,.^) 0 . 7 In 0 . 3 P quantum well structure. 



[Translation done.] 
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[8»*«9] -LIHSftffittSBu (Al 2l Ga^ ). Im-. 
P ( 0 f£ z i < y ) ^-»^F1©M«!I(- (Al* Gai-* ) 

. im-. p(o^ Zl < Z2 < y ) %mmmntc%.- 

«©¥*#w-lf**. 

[ff*3ll 0] ±|B3B3tffittS^ (Al.i Gai* ). In 
,-. P (0^ Zl <y) *f#Fli(ALi Gaw 2 ). In 
i-. P(0^zi<z 2 <y) **l*Mfc*t»)ifLKtt 
fc£fi**#F#^*>$5ff*1 1 7 ©Vvfiftifc 

-WEft©^*!"- d 1 **. 

[£#11 1] ±fSf§)feffittlf4> pSSfciinM©^ 



(2) #^¥5-4 1560 

2 

K- tV^£ftT^5fi#Il9 Xte 1 0 \C 

KpmtLtc\$n^<D^mm^mv-K°yytsftx^% 
mm 9 e«©¥«* v-?**. 

icpitfcttn g©*«fc#*ii k- br > ^ s nr v ^ 
5!t*ifl oe*©**^--?**. 

[iMl 4] ±|Epi!Xttni!©^*&»««f±5 X 1 
10 0 17 ~2X 1 0' 8 cm"' ©$5ffl-C& 511*118, 11, 
1 2Xi±l 3H|E«©^»frV— H 8 *^ 
[11*111 5] ±EpS©^»«f4Zn, MgXttBe*»f> 
* 5 mm 1 4 iE«©¥$# 

[11*11 6] ±EnS©^>G«attSiXf±Se*»P,J*5 
ft*11 4|2«c©^«#:^-if*^ 
[*W©^»ftlftW] 
[0 0 0 1] 

20 ts. 

[0 00 2] 

[fE*©£ffi] ^©MM^^-lWii, 

X 1 9 9 0 ¥H 2 9 *»L1669H:&»&*L1671H ( Jpn 
J.Appl.Phys.Lett. 29(1990) pp. L1669-L1671) Jcfft U- 
btl/t^5 J: 0 GaAsSKt«H?*fr bfc (AlGa). . • I 

a£JKilf^BlgStJtf±6 3 0 nmtftS. 
[00 0 3] 

30 [«Was«fifcLJ:5i1-5iiyi] t*»U ^iO^T 

0. 5 nm^<D^mmXW)^t^MGaln?^MWU- 

■fmm£Lx\m£&tix\<^\ 

[0 0 0 4] #35HH\ gfi^*SV^T0. 5nmif©* 
Sjgt^t?Kl^t5AlGaInP^^frW-lf*^*ffi*t 

[0 00 5] 

[RjSSr»*t5fcJf)©#S] Jbtag^fi, ^frSS 
±{C(AlGa). Im-. P (0.51<a^0.73) ^i H H H ^ 

40 5 y 7 7 1 He t tMt 5 i 1 1 J: V m&i* f 5 „ 
[0 0 0 6] /<y7 7lib-Ctt, ffii LT(AlGa). 
Im-. P»ft*»*X-e»?*£-r3GaAsi-, Px?Ih b b^ 
ffiv>, ^ix©JB^*^#:SSi: fCfflv^SGaAsSffi** 
b(AlGa). Im-. PSft^tTOi»bX*T?^U-T 
yKt**.fcf>©*l^Swii«Tft5. GaAsi-x P.« 

y 7 7mmmm+ » m%mxh% 0 

[0 0 0 7] -ttcm^mt LX, GaAsltStfrFlE^ 
-T5 (AlGa) ,. B In 0 . 49 P?I H H B i^^S&4C5 (AlGa) 
. Im-. P?i H B B i:-T:«^lSr^t7t'b©Sr^?/7 
50 7 Mt LXft^Z^tfrXZZo 



[0008] sfc, fim&mmmmcivmzti 

fc(AlGa). Im-. Pil H B B f4, IIlK?c*©fWE?M(IJ6 
^CSfcfe, K^>y7°^^r-^/h£ < & 
5. ::©&ffKM«£ft«iJt3/c^ ffittli^ifcti 
& K-if^t5aomGaAs^£«&fl§P5 r 

[000 9] 

im\ mmmtx^y v** 

<, 0. 5 »m%<D%ft&mmi>tl?)IU-VM¥mW 
UPtt fC, (AlGa) „ Im-. P (0.51<a^0.7 10 
3) jlf&^feifibftSo t*»U rOflfl-ttGaAsUKt 
GaAsS«±(-J&6t3 i t fcfi*&*£ 

y77«a J #*.btl5. GbAsi-. P.ai/<y77lOt 
£fl, GaAsS««l$X ft 0 fC^^-C^fi U 

t±lft(AlGa)„ In,-. P?S H B B ^^S^t5m^t t 
6 0 &I&0. 7©(AlGa),.,In,. 3 P?I f B a (C&^-g 

-a-t^GaAsi-z Px^HH^MXflO. 4T**>3. GaAsK 
«±}:i«ft#*f;mT±l©*l$ftO. 4 £ L/tGaA 
si-. P. (X=0~0. 4) »*fcj**tfc*KtffiV^ 20 

[0010] (AlGa), . si ino . « P)I<i i (AlGa) . Im-. 

^Ifcft^ftBBCafct^lflS^fttSOllGa). In 

[00 1 1] ¥*Ka6K±fcO. 
©»3tSt*fc*t«(AlGa). Im-. P}l H B B ft]fcB:£-fr3 

[ 0 0 1 2 ] * fc, GaAso . . P, . « &,&±K*»&jR&tt 
fiicftffiii i 5 J&ft $ ftfc (AlGa) o . 7 In, . , PMh b B * £ ttl 1 1 30 

* y7^^/U^-^te^|a^i^<7)#^J; <9 7 0~ 9 
OmeV/h$<fc*„ £9^Mfcftft#3fc&fc 

(10 0) ®:&»&ff^fcGaAsS«±tqfcgt3 

[0 0 13] ffittlW-t^TtFIMlil 
a»^F#5ttt5^<t(cj;oT, Hffttt^yK^ 40 

^ #F&tfi:^ &f ill fc*s^T£ c 5 r t a^js i * 

[0 0 14] 

xmo-gmmifcxmwtSo sr, do 

0) Eft^l-Sn^GaAsSSlitCriMGaAsi-. P,?Ifi 50 
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4 

ftEj&O^O. 4*-^*taE*.fc/<y7 7ll'ftR 
tt^SJ^ftS® 1 ' ' ftfflV^T, ^(Z)±^nS(Al y Ga 
w )o.7lno. 3 P3fe^l2(d=1.5 J um, n„=lX10 18 c 
m" 3 , y=0.7), Ty K w_ 7(ALGai-z ), . , In, . , Pffittf 3 
(d=0.04~0.08/im, z=0), p §9(Alo . 7 Ga, . , ), . , In, . , P 
3fe$RE 4 (d=l. 2/im, n* =5~7 X 10 n cm"' , y=0. 7) , 
pSGao.7lno. 3 P^y77l5 (d=0.1//m, n A =2X10 18 c 
m" 3 ) , n M (Al, Ga w ) , . i In, . , Pm^E^^l 6 (d=0. 1 n 
m, n 1 ,=2X10 18 cm" 3 , y=0) ftj&SM 7 0 Otfcfcl^T 

9>f:/IB6~8/im)fcJftfcU 

MGao.,ln„. 3 P=iy^^ H7 (d=l~2/jm, n A =5X10 18 
-1X10 19 cm" 3 )ft«ftii*Jijt*tfc!l, pnm&jkxin 

«tt9fcn«t5. *e>t, *w^^7^7*t-c^© 

[0 0 15] *Htil:iot, fU#^J;oT^§ 

*l<5 0. 5 *i mffi© l^-lfflfiSftim-Ctfc. *S^t? 
tt, ^ia^*JV^-CHffl«SEi« 1 5 0-2 0 OmA-eSl^ 
L s 585~595nm© 1^— f 38jg»^ft#fc. 
[0016] Hlfe^J 2 

»*ffit*i^-C, Bl2t*i-J:5fcnl!GaAsi, P.SA 
^y77ll' inS(Al,Gai, ), . 7 In, . , ?%WiM 2 © 
nMGao.7ln,. 3 PlinM(AlyGai- y ),. 7 In,. 3 Pl 
(d=3~5nm, np=lX10" cm" 3 ) ft^lfcfcMfe^ll 

oft^tts,, ^©^(4, £.<mm\tmrtb*. 
<omrf-miomnzz.bKSLvx, ±m<r>%mm 

[0017] *mmmK£ix^ g.mc#^xmimM 

ft 1 0 0 ~ 1 5 0 mA tftWtft fc D t'— ffflg&&ti 

%mn tmmmxh^Tz* 
[ooi8] m&mz 

*%W(Dmmmit3m\c£vmwt%o (100® 

ft#1-5GaAsS« 1 ±(C n MGa, . «, In, . 49 Pi t n SG 
a, . 7 In, . 3 Pi (d=3~5 n m, n» =1 X 10 18 cm" 3 ) ft^^ife 
fc^ji^l 1 1 ftl£f75 0 ^©t, lt£.<® 

[0 0 19] *H16WK:J;oTfc, ^HM2tP)#©?^i 
£ft#fc 0 

[0 0 2 0] ^Ji0ij4 
*ISBJ©ltfe^»Jft4l}Cj;f9l£BJt5o 
«fc LT, p SGa, . , In, . , P/^ y 7 7 1 5 t. X&^t 
5o -©^ *b5y^97>f-tJ:o-CSi0i^h9^ 
7-7^^(d=0.2~0.4/im, ^> h7^7|§4~6/im)ft^ 

^LT, ^^;vxyf^CJ;Di4S:0.2~0.4 
//matfcyy^N9-l'7 0 ft^Mt5o Sfct, Si0 2 
^ h7^7V^^ftaL)tS*, nSGao.7ln,. 3 Pl»fj 
^*7fe^HXl 1 2 (4=1 urn, n, =2 X lo' 8 cm" 3 ) ft®^ 



5 

Sft*U &(-pSGao.7lno.3P=!y^ M7(d=l~2/i 
m, n A =5X10 18 -lxio" cm" 3 LTflWE 

[00 2 1] «5&M£J:3£, JE$f*gKJ:o-C*S 

fc^TPHSSSESrS 0- 1 0 OmAfc4£*T?* fc. 

fc 0 10 
[00 2 2] HJSM 5 

xmnmsfcm&TKmtz. mmmm i 

Xfin 6 X 1 o" -1 X 1 O 18 cm" 3 K— 

[0 0 2 3] *3ttt«fc ±5 3fifc*stt5 i — -9*38 
Jg»^S:5 6 5-5 7 5 nmtgfiMtf t. 
[0 0 2 4] £ttfl6 

4 *T?©*^«*jfeUl*iV^T, nSGaAsSS 1 (i§f t 

r (i oo) Bd»£> [i i o] c-i-io] *i«jxtt 

[1-10] [-1 10] 5. 8° flfc^fc 

(5 1 1) j5Sr*1-5GaAsaaRftfflv^5iitJ:o-C, 
ffifE^&SM £ EWfc**ft* Lfc. 

[0 0 2 5] *^»J{iJ;oT'bllllM5ip]1iiCU- 
f«igjftftft 565~575n mtfiSE*fkTft fc. 4 
fc, (5 11) E$r#t5GaAs&K£ffl^ 

5 4. 7° 4t(D^g^t5fi^S^fctL 

1 ~ 4 i •> t SS^kW^S fe (9 , 5 6 5 30 
-5 8 5 nm0«ffl®ft&tt£*&fc. 

[00 2 6] WSM 7 

ni!(Al,Gaw ). . , In, . , 2 4 T*& 

& rv v-7°mM;?#mm 1 3 mm- 

7nm© (ALi Gai-a ). . t Ino . i P*T"#F 8 - 1 0 Jf, Hi? 
4~8nm© (ALz Gai-* ) . . 7 In. . i Pm^Pf H 9 - 1 1 Jf , 
0^zi<z,<y)*^t5. Z.(D'm, ^<^WJ 

itwmKLxttm&fib. 

[0027] ^msMK £5 t. Siftfcfc^-clMtt* 40 

^5 0~8 0mA-e^-e#, 5 4 0~5 5 0nmOl/ 
[0 0 2 8] HJIM8 

^fiSi^Fffittl 1 3 tMLX-mm 5 
[0029] *HH«[t ±5 is ^at*srt5 

5 3 0-5 4 0 nmicttftftt 3 - £ 
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6 

[0 0 3 0] %HM9 

x, (1 00) m>b [1 1 0) [-1-10) *w 
a [1-10] [-1 1 0) ^iRimaflEi 5. 8° 

It (5 11) ffifc#t*GaAs£«±fc^$:ftdKlLfc. 
[003 1] ^J^Jii^T^ ^»J8 tptfiicg 
fit*5Jt« if 5 3 0-540 nmtg» 

iMfrfS Sfc, (100) jB*»& [1 1 

0] [-1-1 0] *|pIX{± [1-1 0) [-110] 
#flUHg^fc£i£;&*5 4. 7° 

[0 0 3 2] ±IEHffiMTi±, 7 0 0VX 

frfcofc#, 6 5 0-7 5 0 o C<D|5H^fe5ftfe(D?fiS-T? 

[0 0 3 3] 

[3PJ©'?jiJ|] #3&HifcJ:titfs GaAsS«±«MSr^ 

I'-fy Kfc**.fcGaAsi, Px)l^y7 7llfef4(AlG 

a) 0 . 51 Ino . « Pi® H B B £ (AlGa) „ . , Ino . , Pilffa ,£ 5 

* '< y 7 7 1 *^ LXm 1 . 4 %©#Hf *g© fe 5 (A1G 

a). . 7 ino . , ?m&mi B m < 

*fc/hS<-Ctfc. rWCtU, (AlGa)..,ln..,PS* 
}Cfe^TH{gmS^5 0-8 0mAT?5 3 0-5 4 0 n 

m 1 1 *m<Dnmm 1 > ^jsm 5 $5i(;iwi e ©. 

[02] *^BJ©^HfJ2, ^M5*5J:^»J6© 

mmmmxhz, 

[03] *^BJ©^HfJ3, ^ISM5t5j;^||»J6© 

[@4] mwomm 47bmmw e om+mmw 
®xhz>o 

[05] *58M©H16«lJ7 75SIUfeM9©3R^«i»fffi 

mxhz> 0 
im<om] 

1 -(100)15 nSGaAsSSXtt (100) ^fcffiSrt 
1-5nSGaAsSfc 1 ' — tfj^tr 0 d»b 0. 4Jt#^t 
^^fcnMGaAsi-, P.S*/<y7 7«^ l"-^lt 
1 ' K X 5 ff^fiic $ ;H5 i®H B B^^S«, 2-nI (Al, Ga 
i, )i.Tlm.iP3t»SEl, 3-(Al.Gai, )o. 7 Ino. 3 Pffitt 
1, 4-p!(Al r Gai, )..Tlin.iP**ftl, 5-pSG 
ao.iIn..iP^y77^ 6-nS(Al,Gai, )o.7ln 0 . 3 P 
«j(aiE*l, 7-pS!Ga..,In,.iP3^^ 8- 
pl^ s 9-ntSk 1 0-nSGao.7lno. 3 P/nM(Al 
yGa,-, )..Tln..3PiSft^y77^ 1 1 •- n^Gao . 7 1 



15 6 0 



»..P/nSGa..7lm..P3BB*H?'/<5'7 7*, 1 2 -" n 
SGao . 7 In, . 3 ?nmW£ffltWV.M, 13- (Alzi G H 



• o . 7 In. . 3 P/ (Al* Ga« ) o . t In. . . Pl^ #^#f 
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